Introduction
Document binarization is an active area in image processing. Many binarization techniques have been proposed and most of them have parameters, the best values of which must initially be defined. Although, the estimation of the parameters values is a crucial stage, it is usually missed or heuristic estimated because there is no automatic parameter estimation process exists for document binarization techniques, until now.
In this paper, a Parameter Estimation Algorithm (PEA), which can be used to detect the best values for the parameter set (PS) of every document binarization technique, is proposed. The estimation is based on the analysis of the correspondence between the different document binarization results obtained by the application of a specific binarization technique to a document image, using different PS values. The proposed method is based on the work of Yitzhaky and Peli [1] which is used for edge detection evaluation. In their approach, a specific range and a specific step for each one of the parameters is initially defined. The best values for the PS are then estimated by comparing the results obtained by all possible combinations of the PS values. The best PS values are estimated using a Receiver Operating Characteristics (ROC) analysis and a Chi-square test. In order to improve this algorithm, we use a wide initial range for every parameter and in order to estimate the best parameter * This paper was partially supported by the project Archimedes of TEI Serron.
value an adaptive convergence procedure is applied. Specifically, in each iteration of the adaptive procedure, the parameters' ranges are redefined according to the estimation of the best and second best binarization result obtained. The adaptive procedure terminates when the ranges of the parameters values cannot be further reduced and the best PS values are those obtained from the last iteration.
For document binarization, it is important to lead to the best binarization result comparing the binary images obtained by a set of independent binarization techniques. For this purpose, we introduce a new technique that using the PEA leads to the evaluation of the best binarization results obtained by a set of independent binarization techniques. Specifically, for every independent binarization technique the best PS values are first estimated by using the PEA. Next, the best document binarization results obtained are compared using the Yitzhaky and Peli method and the final best binarization result is achieved.
Obtaining the Best Binarization Result
When we binarize a document image, we do not know initially the optimum result, that is, which is the ideal result that we must obtain. This is a major problem in comparative evaluation tests. In order to have comparative results, it is important to estimate a ground truth image. By estimating the ground truth image we can compare the different results obtained, and therefore, we can estimate the best of it. This Estimated Ground Truth (EGT) image, can be selected from a list of Potential Ground Truth (PGT) images as proposed by Yitzhaky and Peli [1] .
Consider N document binary images ( 1,..., )
obtained by the application of one or more document binarization techniques to a gray-scale document image of size K L × . In order to get the best binary image it is necessary to obtain the EGT image. After this, the independent binarization results are compared with the EGT image using the ROC analysis or a Chi-square test.
The entire procedure is described in the following where with "0" and "1" are considered the background and foreground pixels, respectively. PGT image, four average probabilities are defined which they assigned to pixels that are:
• Foreground in both i PGT and j D images:
• Foreground in i PGT image and background in j D image:
• Background in both i PGT and j D images:
• Background in i PGT image and foreground in j D image: value is calculated, according to the relation:
A histogram from the values of 
Parameter Estimation Algorithms
In the first stage of the proposed evaluation system it is necessary to estimate the best PS values for each one of the independent document binarization techniques. This estimation is based on the method of Yitzhaky and Peli [1] proposed for edge detection evaluation. However, in order to increase the accuracy of the estimated best PS values we improve this algorithm by using a wide initial range for every parameter and an adaptive convergence procedure. That is, the parameters' ranges are redefined according to the estimation of the best and second best binarization result obtained in each iteration of the adaptive procedure. This procedure terminates when the ranges of the parameters values cannot be further reduced and the best PS values are those obtained from the last iteration. It is important to notice that this is an adaptive procedure because it is applied to every processing document image. The stages of the proposed parameter estimation algorithm, for two parameters 1 2 ( , ) P P , are as follows: 
Stage 4
In each step, the values of parameters 1 2 , P P are updated with the relations: 2  2  2 2  2  2  2  2  '  '  '  '  2  2  2 2  2  2  2 2   '  '  2  2  2  2  2 
Comparing the Results of Different Binarization Techniques
The proposed evaluation technique can be extended to estimate the best binarization results by comparing the binary images obtained by independent techniques. The algorithm described in Section 2 can be used to compare the binarization results obtained by the application of independent document binarization techniques. Specifically, the best document binarization results obtained from the independent techniques using the best PS values are compared through a similar to the Section 2 procedure. That is, the final best document binarization result is obtained as follows:
Stage 1 Estimate the best PS values for each document binarization technique, using the PEA described in Section 3. Stage 2 Obtain the document binarization results from each one of the independent binarization techniques by using their best PS values. Stage 3 Compare the binary images obtained in Stage 2 and estimate the final best document binarization result by using the algorithm described in Section 2.
Experimental Results
The proposed evaluation technique is used to compare and estimate the best document binarization result produced by seven independent binarization techniques: Otsu [2] , Fuzzy C-Mean (FCM) [3] , Niblack [4] , Sauvola and Pietaksinen's [5-6], Bernsen [7] , Adaptive Logical Level Technique (ALLT) [8] [9] and Improvement of Integrated Function Algorithm (IIFA) [10] [11] . It should be noticed that we use improvement versions for the ALLT and IIFA, proposed by Badekas and Papamarkos [12] . Fig. 2 shows a document image coming from the old Greek Parliamentary Proceedings. For the specific image, the initial range for each parameter and the best Tables 2 and 3 give all the PS values obtained during the five iterations and also the best and second best PS values that are estimated in each iteration. The Otsu's technique has no parameters to define and FCM is used with a value of fuzzyfier m equal to 1.5. The results obtained by the application of the independent techniques using their best PS values, are compared using the algorithm described in Section 2. Fig.3 shows the binary images obtained by ALLT and Bernsen's technique which are estimated as the best binarization results using the Chi-square test and the ROC analysis, respectively, in order to obtain the EGT image. The corresponding diagrams for these two cases, which are constructed according to the proposed technique to compare the independent binarization techniques, are given in Fig. 4 . The proposed technique is applied to a large number of document images. For each document image, the binarization results obtained, by the application of the independent binarization techniques, are sorted according to the ordering quality results obtained by the proposed evaluation method. The rating value for a document binarization technique can be between 1 (best) and 7 (worst). The mean rating value for each binarization technique is then calculated and the histogram shown in Fig. 5 is constructed using these values. It is obvious that the minimum value of this histogram is assigned to the binarization technique which has the best performance. The Sauvola's technique gives, in most of the cases, the best document binarization result. These conclusions agree with the evaluation test that has been made by Sezgin and Sankur [13] . 
Conclusions
This paper proposes a method for the estimation of the best PS values of a document binarization technique and the best binarization result obtained by a set of independent document binarization techniques. It is important that the best PS values are adaptively estimated according to the processing document image. The proposed method is extended to produce an evaluation system for independent document binarization techniques. The estimation of the best PS values is achieved by applying an adaptive convergence procedure starting from a wide initial range for every parameter. The entire system was extensively tested with a variety of document images. Many of them came from standard document databases such as the old Greek Parliamentary Proceedings. The entire system is implemented in visual environment using Dephi 7.
